An important family of codes for error control in digital communications are the so-called cyclic codes; therefore, finding the weight distribution of a q-ary cyclic code C is not only a problem of theoretical interest, but also of practical importance. Typically, when the finite field q F is a prime field, the problem is handled by expressing the Hamming weight of each codeword in C by means of certain combination of exponential sums. In this work, we will present a new method for computing the weight distribution of the dual of some cyclic codes with two non conjugated zeros. As we will see, such distribution is also given by means of the evaluation of certain exponential sums, however, such evaluation is only needed to be done over a subset. Moreover, this method has the advantage of flexibility, in the sense that it can also be applied to cyclic codes over finite fields of non prime order.
Introduction
Let q = p m where p is a prime number and m is a positive integer. For some positive integer k, let  be a primitive element of . 
where  is the canonical additive character of ,
In this work, we will present a new method for computing the weight distribution of some cyclic codes whose dual code has two non conjugated zeros; that is, we will show that if C is a cyclic code over where ; however, as we will see, the computation of such values is only needed to be done over a subset of * . k q F In addition, this alternative method has the advantage of flexibility in the sense that it can also be applied to cyclic codes over finite fields of non prime order.
In order to achieve our goal, we will use several results related to linear recurring sequences and exponential sums. These results can be found in [3] .
This work is organized as follows: in Section 2, we recall the connection between linear cyclic codes and linear recurring sequences. In Section 3, we use some characterizations for the one-weight irreducible cyclic codes in order to obtain some preliminary results. Section 4, is also devoted to presenting some preliminary results, but now related to exponential and Gaussian sums. The new method for computing the weight distribution is presented in Section 5. In Section 6, some examples are shown, whereas in Section 7, the conclusion is presented.
2..Linear Recurring Sequences and Cyclic Codes
First of all, we set, for this section and for the rest of this work, the following:
Notation: By using p, q and k, we will denote positive integers, such that p is a prime number and q is a positive power of p. We will fix = -1 k n q and  = ( -1) ( -1).
k q q
For now on,  will denote a fixed primitive element of . Let ( ) h x and ( ) g x be monic polynomials over ,
Without loss of generality, we may suppose that
Since the coefficients of the polynomial ( ), g x can be obtained through the synthetic division of polynomials
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With   0 -m n k That is, the n coefficients of ( ) g x in (5) are the first n terms of the kth-order impulse response sequence (see [3, p. 402] ), given by
In agreement with 
An explicit formula for  is presented in [5, Lemma 3] .
3..One-weight Irreducible Cyclic Codes and Some of its Consequences
The following definition could be considered as an extension of the order, ord(f), of a polynomial f(x) ä The following set of characterizations for the oneweight cyclic codes, that was introduced in [6] , will be the main tool of this work. With the same notation we present the following: 
Remark 1 Observe that if a satisfies Statement (A) then, by Statement (B) and Definition 1,  is the least positive integer for which

Remark 2 Observe that if a satisfies Statement (A) then, by Statement (B) and Definition 1, there exists a uniquely determined field element
then C is a  W weight cyclic code of dimension 2k whose weight distribution is as follows:
Proof: Let
by Theorem 1, we know that 
4..Some Results on Exponential and Gaussian Sums
We begin this section by recalling some notations on character and Gaussian sums. Thus, by keeping our current notation, we define the canonical additive character  of : 
The following two lemmas are properties of
Lemma 3 Let  and i be two integers, then
Proof: First of all, observe that
Where b runs through a set of coset representatives modulo n. Thus, the result follows from the following identities:
Lemma 4 Let  and i be two integers, then
Proof: Since   (0) 1 we have
c c c c and since, for all  0, c we know that
, thus we conclude
Lemma 5 Let  and  be two integers in such a way that = ( -1)
q . Then, for any integers
 and y, we have
Proof: By using the definition of Gaussian sum, one obtains 
In the inner sum we substitute
since   has order   . The result now follows by Lemma 4.,
We end this section with the following:
then, for any integer y, we have
Proof: By using B we have
The inner sum in the last expression is a finite geometric series that vanishes if
On the other hand,
and clearly
but the last congruence implies that
a a u and since
Now, also from the previous congruence, we have 
, and since    = n then, by means of previous lemma, we obtain the desired result.
The Weight Distribution of some Cyclic Codes whose Dual Code has Two Non Conjugated Zeros
The following result shows that for some cyclic codes C whose dual code has two non conjugated zeros, it is always possible to find an integer  in such a way that the weight distribution of C can be fully obtained by means of the distribution of the values
, where :
Theorem 2 For a positive integer a, let
and
weight cyclic code of dimension 2k whose weight distribution is as follows:
Proof: Let  1 and  2 be, respectively, the kth-order impulse response sequences whose characteristic polynomials are, respectively, 
Some Examples
The main key for the determination of the weight distribution, in the context of Theorem 2 is the evaluation of the exponential sums However, thanks to the second equality in Lemma 3, such evaluation is only needed to be done for a set of coset representatives modulo -1. 
16 
is the paritycheck polynomial for a two-weight cyclic code over 4 , F of length 15, dimension 4 and weight enumerator polynomial: 
Conclusion
In general, the problem of determining the weight distribution of a cyclic code over a finite field seems to be difficult. Typically, when the finite field is a prime field, the problem is handled by expressing the Hamming weight of each codeword by means of certain combination of exponential sums. In this work, we presented an alternative method for computing the weight distribution of some cyclic codes whose dual code has two non conjugated zeros (Theorem 2). This method also needs the evaluation of some exponential sums, however, as we saw in the previous section, such evaluation is only needed to be done over a set of coset representatives modulo n. Additionally, this method has the advantage of flexibility, in the sense that it can also be applied to cyclic codes over finite fields of non prime order.
